A comparison has been made between three methods for measuring capillary blood glucose collected on filter paper, including a new method using a Beckman glucose analyser 2. The methods are suitable for use with capillary blood spots collected onto filter paper for monitoring the control of diabetic patients. Their accuracy, precision, and recovery of glucose were similar. Glucose measurement with the Beckman glucose analyser 2 involves elution of the dried blood spots with 2 % trichloroacetic acid and injection of a fraction of the eluate into the analyser. The method provides a simple and rapid alternative procedure for laboratories that do not have a heavy workload for this type of assay.
SUMMARY A comparison has been made between three methods for measuring capillary blood glucose collected on filter paper, including a new method using a Beckman glucose analyser 2. The methods are suitable for use with capillary blood spots collected onto filter paper for monitoring the control of diabetic patients. Their accuracy, precision, and recovery of glucose were similar. Glucose measurement with the Beckman glucose analyser 2 involves elution of the dried blood spots with 2 % trichloroacetic acid and injection of a fraction of the eluate into the analyser. The method provides a simple and rapid alternative procedure for laboratories that do not have a heavy workload for this type of assay.
It is highly desirable that blood glucose control in diabetic patients should be achieved in their home, school, or work environment rather than in the unnatural environment of the hospital ward or clinic. Reagent test strips with or without the use of a meter to record the colour change in response to glucose in a blood spot l -3 are widely used. Recently, an alternative approach using capillary blood spots collected onto filter paper, which can be posted to the laboratory for analysis, has been introduced with considerable success.! and the original method has been automated," In our laboratory, we have been using this technique for monitoring diabetic pregnancies and children with juvenile-onset diabetes. The number of samples received did not warrant the use of a continuous-flow analyser, so we have continued to use a manual colorimetric method using sulphonated 2,4-dichlorophenol to increase sensitivity.6 We have also developed a method suitable for use on a Beckman glucose analyser 2. The results are compared with those obtained using the manual colorimetric methods and the continuous-flow analyser method described by West et al. 5 AUTOANALYSER METHOD 0·3 ml of 2·5% sulphosalicylic acid was added to each paper disc. After at least 60 minutes the tubes were centrifuged at 3000g for 10 minutes. The glucose in the supernatant was measured with a continuousflow analyser by a modified Trinder method.B Sample (0·32 ml/min) was diluted with phenolsaline" reagent (3'4 ml/min), the mixture segmented with air (1·6 ml/min) and passed through a single mixing coil. Enzyme reagent (3'4 ml/min) was added. The stream was passed through three double mixing coils at 37°C. After debubbling the absorbance was measured at 515 nm.
The phenol-saline reagent comprised sodium chloride, 9 g/l; phenol, 2 g/l; Brij 35, 1 ml/l.
The components of the enzyme reagent were sodium acetate trihydrate, 13· 6 g/l; glacial acetic acid, Q·21 ml/l; glucose oxidase (Fe~zyme 653AM, Hughes and Hughes Ltd, Rornford, Essex), 15 ml/l; peroxidase (RZ. 0'6, International Enzymes Ltd, Windsor, Berks), 15 mg/l; 4-aminophenazone, 0'3 gIl. The final pH was between 5'9 and 6·1.
Methods
Whatman No 4619 filter paper was saturated with 4 % boric acid and dried. Drops of fluoridated venous blood were applied to the filter paper and allowed to dry. A 6 mm diameter disc was punched out of the centre of each spot with a Velos Easipunch 4363 (available from stationers). The glucose was eluted from the discs and estimated by the three methods described below. MANUAL COLORIMETRIC METHOD Q.3 ml of 2 %trichloroacetic acid (TCA) was added to each paper disc. After at least 60 minutes, 1 ml protein precipitant, 1 ml colour reagent and 1·5 ml distilled water were added. The tubes were incubated at 37°C for 30 minutes. The absorbance at 515 nm was measured against distilled water.
The protein precipitant comprised disodium hydrogen orthophosphate dihydrate, 10 g/I; sodium chloride, 9 g/l; 2,4-dichlorophenol (sulphonated), 22 Table 2 Between-batch precision of the methods Data on methods I and 2 are hased on repeat analyses of the same hlood sample spotted onto filter paper. The data for method 3 are hased on repeat analyses of spots from the previous batch. The number of batches is low because the same filter paper sample was used for only six weeks, after which time sample deterioration might have influenced the results. The coefficients of vanat ion have been corrected for small numbers. 50 !Jol were chosen because preliminary experiments showed that this combination gave the highest recovery of glucose and linearity in the range 3-20 mmol/l. Non-linearity occurred below 3 mmolfl with all injection volumes studied. 500 ml/l. The pH was adjusted to 3·0 with 1M hydrochloric acid. The colour reagent consisted of dipotassium hydrogen orthophosphate (anhydrous), 10 gfl; sodium azide, I g/I; glucose oxidase (Fermcozyme 653AM), 17 ml/I; peroxidase, 17 mg/l; 4aminophenazone, 333 mg/I, Working standards in the range 1-20 mmol/I were prepared from a 100 rnmol/l stock standard in water saturated with benzoic acid.
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Results

BECKMAN GLUCOSE ANALYSER METHOD
Eighty microlitres of 2 % TeA were added to each paper disc, ensuring that they were completely immersed. The tubes were capped and shaken gently. After at least 60 minutes, the tubes were agitated again and centrifuged at 3000g for 10 minutes.
Fifty microlitres of supernatant were pipetted into the glucose analyser which was calibrated for each batch oftests with standard glucose solutions.
The scale expansion was adjusted to allow for the dilution of the blood in the paper discs with eluant. In practice, glucose standards containing 1·1 mmol/l and 2·2 mrnol/l were used, and the instrument was calibrated to read 8 mmol/l and 16 mmol/I, respectively. Thus a direct reading of the glucose concentration in the original blood sample was obtained. .
WEIGHT OF BLOOD
The volume of blood contained in a 6 mm disc was determined by weighing 72 blank discs and 72 discs punched from dried blood spots. The weight of blood in the discs was calculated by difference. The dry weight of a known volume of blood applied to the paper was also determined, so that the weight of blood in the discs could be related to volume.
The volume of blood contained in a 6 mm diameter punched disc was found to be 10'6 ± 0'02 fJ.1 although II fJ.1 of standard solution was used in the manual method to prepare the standard curve for each batch of analyses. The standard curve was linear up to at least 20 mmol/l, The performance of the continuous-flow analyser method did not differ significantly from that described by West et al. 5 An elution volume of80 fJ.1 and injection volume of STATISTICAL ANALYSIS The methods were compared by least squares regression analysis of the mean value of duplicate estimates. The 'between-batch' precision (eV) was calculated as the standard deviation expressed as a percentage of the mean. There was excellent correlation between all three methods (p<O'OOI) over the range 3-26 mrnol/l (Figs. 1-3) . The manual colorimetric method and the Beckman glucose analyser method gave lower results than the continuous-flow analyser method, which is consistent with the recovery data in Table 1 .
Discussion
It is now 20 years since Knight and Keen 7 first suggested the possibility of monitoring blood glucose in diabetic patients by collecting blood onto filter paper, and this approach is now gaining wider acceptance. Certainly evaluation of blood glucose control in diabetic patients while they undertake their normal activities is preferable to monitoring their control while in hospital. Whether laboratory estimation is preferable to patients obtaining their own results directly using a glucose meter or one of the direct visually read reagent strip tests remains a matter for debate. However, there will be a group of patients who are unable to read or interpret their results at home and who will require laboratory assistance. We have been particularly concerned with children who fall into this category and in whom such home monitoring has proved to be highly successful. 8 We are aware that many small laboratories might not have the workload to justify automation of this technique and will prefer to use a manual method.
We recorded similar recovery and precision with the Beckman glucose 2 analyser method to that of a manual colorimetric methods and a continuous-flow method.s However, we find that the volume of blood eluted using a Velos Easipunch is 10·6 fl.l, marginally lower than the figure of 11 fl.l stated by West et al. 5 Correction for this figure improves the accuracy of glucose measurements; 10·6 fl.l of standard solution should be used in the manual colorimetric method, and the Beckman analyser 2 should be set with the 1·1 mmol{l and 2·2 rnmol/l standards at 8·3 romol{l and 16·6 mmol/l, respectively. Use of a Bookman glucose analyser 2 provides a suitable alternative method, with good recovery, accuracy, and precision, for laboratories whose workload for capillary blood spot glucose monitoring is not high. The recovery of glucose by each of the three methods was calculated as a percentage of the original blood glucose measured in the whole blood sample using a modified Trinder method. 6 The results are shown in Table 1 and the between-batch precision for each method is shown in Table 2 . 5 10 15 20 Manual glucose method (mmol/l) Fig. 3 Correlation between a Beckman glucose analyser method and a manual colorimetric methodfor estimation of glucose eluted/rom blood spots on filter paper.
